Introduction
Information can be extracted from the sounds of the world that surrounds us. For example, it has been shown that people are able to guess the properties of an object (size, material, etc.) just by listening to how it sounds [1,2,3]. Many works agree that this knowledge of the world is organized into categories built around semantic similarities [4, 5, 6, 7] .
In the context of train stations, the assumption is made that people can recognize where they are because they have learned the typology of spaces just by using them. Previous studies at the French railway company (SNCF) show that from the user's point of view, there are six types of space in a train station : (1) Platform, (2) Hall, (3) Corridor/Stair, (4) Waiting room (5) Ticket office, and (6) Shop.
This paper aims at (1) revealing the auditory information that people are able to extract in the soundscape of a train station and (2) showing how this auditory information is involved in the recognition of the different spaces. According to previous work on the perception of urban soundscapes [8, 9, 10, 11] , interior noise in trains [12, 13, 14] , and spatial hearing [15] we hypothesise that this information will concern sound sources, human activities, as well as room properties (size, layout, etc.).
The method is divided into two studies. First, a laboratory study on the perception of soundscapes of the space typology is carried out. In this study, listeners are asked to create categories of soundscapes in order to reveal their ability to collect auditory information and recognize the spaces. Then, the relevance of the results given by the laboratory study is estimated through an in situ questionnaire survey. Finally, the two studies are compared and discussed in the conclusions.
Laboratory study 2.1 Method
This first study addresses two issues : first, to reveal sound information that is conveyed through the soundscape of a train station, and second to show how this information is involved in the recognition of the different types of space that make up a train station (platforms, halls, corridors, waiting rooms, ticket offices and shops). As proposed in [16] , two listening experiments are performed in laboratory : free categorization and recognition. The space recognition is based on sound information that is revealed by the free categorization experiment. Auditory information in the soundscape of a train station a DAT Sony PC204Ax, all of which is standalone with batteries. Ambisonic was chosen because it can be replayed on any type of sound reproduction system [17, 18] (binaural, transaural, stereo, multichannel), and it is well suited for improving the sense of immersion [11] . Finally, the sound samples were binaurally decoded using the Kemar headrelated transfer function (HRTF) and diffusefield equalization.
Sound recordings

Recording locations
The recording locations were chosen in order to have a representative sample of the six types of space that make up a train station. Six French train stations were chosen (Avignon TGV, Bordeaux St Jean, Lille Flandres, Nantes, Paris Gare de l'Est and Rennes) and recorded under normal conditions of use, resulting in a total of nine hours of recordings.
Sound samples : selection and acoustical description
Among this database of sound recordings, sixty-six sound samples were selected in order to get a representative set of sound samples of the six types of space (see Table 1 ). For the shops, fewer samples were selected because this type of space is less represented in the train stations. All the samples were 15 s in duration and were equalized in loudness by one person.
Several criteria were used to perform this selection : sound quality of the recordings, no unusual event, presence of expected sound sources for each type of space. The most representative sound sources for each space are given below : In addition to these sound sources, a background noise is also present in most of the samples recorded on platforms, halls, corridors and shops. In waiting rooms and ticket offices that are quieter spaces, this background noise is much lower and in some cases not present at all. This background noise can be of two different types: tonal when a set of frequencies is dominant or broadband when no frequency is dominant. The first type of noise is found in all the platforms samples, but also in some halls, corridors and shops. It corresponds to sound sources such as air conditioning, train engine, or reverberation.
Experiment 1: Free categorization and verbalization
Stimuli
The 66 sound samples presented previously were used in both Experiment 1 and 2. The samples were amplified by a Yamaha P2075 stereo amplifier and presented binaurally on a Sennheiser HD 250 linear II headphone. The participants were seated in a double-walled IAC sound booth. At the beginning of a session, the 66 sound samples were randomly placed on the computer screen. The level of each sample was between 65 and 70 dB(A).
Participants
Fifty-one participants (21 women and 30 men, between 25 and 45 years old) were recruited for this experiment. None of them reported having hearing problems. Participants who reported having a good experience with travelling by train were selected. No information about the space typology was given.
Procedure
This first experiment employed a freecategorization task with free verbalizations. The session was divided into two steps : (1) Participants were asked to create as many groups of sound samples as they wanted based on their own similarity criteria. (2) Using the keyboard, the participants were asked to describe and explain their groups.
Experiment 2: Space recognition 2.4.1 Stimuli
The same 66 sound samples were used in this experiment. 
Participants
Thirty-eight new participants (17 women and 21 men, between 25 and 45 years old) were recruited for this experiment. Before the session, the participants were informed by email of the definitions of the 6 types of space in order to avoid any ambiguity about space names.
Procedure
This second experiment consisted of a sixalternative forced-choice recognition task. At the beginning of the session, the 66 sound samples were randomly placed on the screen. Participants had to listen to all the sound samples and to guess the space in which they were recorded by moving the sounds to one of the six labelled boxes on the screen. They could listen to the sound samples as many times as they wished to, all of the sound samples had to be classified.
Results
Experiment 1
A two steps analysis was performed. First, a cluster analysis was performed on all the classifications of the 66 sound samples made by the 51 participants. This first analysis gives the global classes that represents the groupings across the whole set of participants. Second, a lexical analysis was performed on the verbalizations in order to explain the classes obtained with the cluster analysis. Figure 1 shows the results of the cluster analysis. This result is represented by a tree in which each leaf corresponds to a sound sample. The distance between two sounds or two groups of sounds is given by the height of the node between them. In order to find the mean classes that represent the classifications made by all the participants, two techniques were used : a node heights analysis and a bootstrap technique (for a more detailed presentation of the statistical analysis, see [19, 20, 21] ) . Applied to our data, this optimal partitioning analysis gives eight classes that are indicated by the rectangles in Figure 1 .
Cluster analysis
Lexical analysis
To explain these 8 classes, a lexical analysis of the participants verbalizations was performed. Each verbalization was first reduced to the words that contain a descriptive meaning. Then, those words were grouped into semantic fields that were deduced from the verbal descriptions. Five semantic themes were found and presented in the list below (the examples Finally, Table 2 shows a synthesis of the words used for each theme and for each class. This table shows that classes 1 and 4 are mainly described with human activities, whereas classes 5, 6 and 7 are mainly described with sound sources. Descriptions of Class 2 mainly concern human activities, room effects and positive judgements. Classes 3 and 8 have no dominant theme, the corresponding descriptions are a combination of all the themes.
Experiment 2
This second experiment is analysed in two steps. First, the recognition scores are calculated, in order to show whether each space is well recognized or not. Second, a cluster analysis is performed on the partitions of the 38 participants, using the same method as in Exp. 1. Table 3 shows the recognition scores for each type of space. For example, the first line shows that the sound samples recorded in platforms were recognized by 67% of the participants as platforms, by 12% as halls, by 7% as corridors, by 9% as waiting rooms, by 1% as ticket offices and by 4% as shops. This table shows a diagonal that is greater than chance (16% 1 ) for all the spaces, which means high recognition scores. Figure 2 presents the hierarchical tree given by the cluster analysis performed on the data of Exp. 2. The rectangles correspond to the six classes found with the optimal partitioning analysis (similar to the analysis performed in section 2.5.1). Then, each class can be associated to one type of space according to the recognition score of the class. The six classes are then labelled with the corresponding space on the figure.
Recognition Scores
Cluster analysis
Exp. 1 versus Exp. 2
In order to find the sound information picked up by the participants to identify the spaces, a comparison is made between the eight classes of Exp. 1 and the six space classes of Exp. • Waiting rooms = half of Class 2 • Ticket offices = Class 1 + half of Class 2 • Shops = Class 8 + Class 3
Finally, Table 4 gives the sound signatures for each space of the typology deduced from this correspondence. The sound signature for each space is given by putting together the lexical profiles of each corresponding class or group of classes.
Experiment 3: In situ study
This new study aims at showing whether the acoustical information found in the laboratory is relevant in a naturalistic context. In this survey, people in several train stations were asked to describe the soundscape of the space in which they found themselves.
Questionnaire
The questions were prepared in order to incite people to describe the soundscape of the space in which they were situated. In the questionnaire, two questions directly concerned the description of the soundscapes (translated from the French):
1. Can you describe the soundscape of this place in particular ? 2. Enumerate and describe precisely what you hear.
Procedure
The survey took place in the spaces that had the best recognition scores in Exp. 2. Thirty people participated for each space. An audio recording of the interview was made for further transcriptions.
Results
The results were analysed in a similar way to the lexical analysis performed in the laboratory study. The results show that participants descriptions used the same semantic themes as in the laboratory study. Then, the laboratory and the in situ conditions were compared according to the proportions of each theme and the terms used as well. Five main trends are deduced from this comparison:
1. Sound sources are more often used for the descriptions in the in situ than in the laboratory study, and descriptions are more precise in the in situ condition. This difference in precision is mainly due to the fact that in situ, people can recognize the sources. 2.
For the human activities, the descriptions re_p1  na_p1  bx_p1  na_c1  re_p2  bx_p2  pe_p  av_p  li_p1  li_h2  li_p2   pe_c2  av_w1  av_w2  li_c2  bx_c2  bx_c1  av_c1  re_c2  li_c1  na_c2   av_s  pe_c1  re_t1  av_t1  na_t1  li_t2  re_t2  na_t2  bx_t1 are mostly similar between the two conditions. 3.
Room effects are much more quoted in the lab than in situ, and the terms are more precise. This shows that the reverberant aspect of a soundscape is much more salient in a recorded sample than in situ.
Type of space is never used for the descriptions in the in situ study.
Personal judgements are more present for the in situ descriptions than for the lab descriptions.
Conclusions
This study deals with the perception of soundscapes in train stations. Two laboratory experiments were performed, then an in situ questionnaire survey was carried out in order to test the relevance of the laboratory results.
In Exp. 1, the results show that the listeners described the soundscapes using with five semantic themes: sound sources, human activities, room effects, type of space and personal judgment. This result is coherent with work on urban soundscapes [8, 9, 10, 11] , train cabin soundscapes [12, 13] and spatial hearing [15] . In Exp. 2, the results show that listeners were able to associate each sample with the type of space just by listening to it, with very few mistakes. This result confirms the assumption that the soundscape of a train station conveys information for the people who are listening to it. Finally, since the classes of samples remain mostly the same between Exps. 1 and 2, the sound signatures of each space are deduced. The sound signature of a space corresponds to the elements of the soundscape that are characteristic to this space and that make it different from the other spaces.
Then, the verbal descriptions found in the in situ study show good coherence with those made in the laboratory, because the semantic fields used are the same. In quantitative terms, the ratios of each semantic field are different between the two conditions: sound sources descriptions are more precise in situ, room effects descriptions are more precise in the laboratory. These trends can be explained with two different listening strategies proposed by Gaver [1, 2] : "musical listening" that focuses on the sound itself (i.e., its characteristics), and "everyday listening" that focuses more on the source of the sound. However, these results show that the perception of soundscapes can be assessed both in laboratory and real conditions in a complementary way.
In conclusion, this paper confirms that listeners can extract auditory information in the soundscape of a public space such as a train station. This information is about what is happening, about the human activities that are performed, or about where they are in the train station. In a perspective of sound design, this work provides the assumption that new types of auditory information (such as nonverbal sound signals [22, 23] ) will also be learned.
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